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INTRODUCTION



I’VE NEVER BEEN PART OF AN AIR-RAID DRILL. THE DAY AFTER WASN’T my primetime special. I only knew the USSR was a thing because my Florida elementary school didn’t have the budget for new maps for a few years after the Soviet Union’s collapse. I had nightmares about falling into sinkholes but not about nuclear-tipped missiles streaking through the sky.


In fact, I didn’t think about nuclear weapons much until, many years after those nightmares stopped, I moved out West. Here, in the Rocky Mountain region, the bombs—or at least their legacy—were a little harder to ignore. I initially lived a short drive from Rocky Flats, a plant that once produced the cores of nuclear weapons. Down the interstate from there is Cheyenne Mountain, a nuclear command center built beneath thousands of feet of granite, meant to withstand thermonuclear blasts so the people inside could launch missiles even if the rest of us died. This part of the country is scarred by old uranium mines and mills. Missile silos and alert centers, current and former, carve out the earth.


This region is also home to major nuclear research and production facilities, specifically Sandia and Los Alamos national laboratories. Weapons labs. When I moved here, I knew of the facilities’ existence but not much about what happened behind their extremely closed gates. Being a journalist who writes about science, though, I was able to simply ask if I could drop by.


On my first trips to both labs, I spoke to scientists who constructed particle accelerators, simulated the start of the universe, made next-generation supercomputers run, and replicated supernovae, among other far-out topics. It was all interesting, sure—but I knew none of this research was the reason these labs existed or even the full story about these particular scientists’ specialties. The national labs run by the Department of Energy’s National Nuclear Security Administration (NNSA)—Sandia and Los Alamos, as well as Lawrence Livermore in California—like to discuss the easily palatable, press-releasable science their employees do.


For one, it’s not classified. For two, it doesn’t make people mad.


But the scientific forces animating their research also show up in nuclear weapons. They are the labs’ raison d’être, and the majority of their budgets go to that sort of stuff, which they call “mission work”: research on and maintenance of nuclear weapons and national security.


Yet that work is kept more under wraps, a tendency that has kind of matched public awareness of nuclear weapons, which receded after the Cold War. But the United States is currently in the middle of a giant nuclear modernization program, reinvesting in its atomic infrastructure like it hasn’t in decades. And as tensions have risen globally, particularly with Russia’s invasion of Ukraine, nuclear weapons’ salience to the modern world is seemingly here to stay. As such, the quiet parts deserve to be discussed out loud. Countdown is an attempt to turn up the volume on those quiet parts, as they play out among the scientists at nuclear labs, and illuminate the place nuclear weapons hold—in the world, in the country, in scientific research, for the people who work on them, and for those of us who don’t.















Part One



CRITICAL MASS


AMERICA’S NUCLEAR ARSENAL IS OLD: THAT’S A FACT. AMERICA’S NUCLEAR arsenal is too old and needs significant modernization: about that, reasonable people can, and definitely do, disagree.


Despite those disagreements, nuclear bombs are nevertheless getting age-altering surgery—nips and tucks and new parts. A lot of new parts.


New supercomputers and advanced simulations are, at the same time, trying to understand the inner workings of the weapons. New sensor-fusing systems are improving and quickening nuclear explosion detection.


With all this, the National Nuclear Security Administration labs are in a bit of flux, their role more active and more public than it has been in recent years. As they move into a new nuclear age, along with the rest of us, history presses into the present and points toward an uncertain future.















CHAPTER ONE



We knew the world would not be the same.


—J. Robert Oppenheimer, on 
the test of the first atomic bomb


THE SLOPES OF PAJARITO MOUNTAIN SKI AREA SIT TWO THOUSAND feet and about fifteen minutes above the New Mexico town of Los Alamos. If you looked down from the lift, the city would seem small. Inconsequential, even. The main offices of Los Alamos National Laboratory would look even smaller, like someone threw Legos on the ground and lit them with high-powered lamps.


But it’s all about perspective: in reality, Los Alamos National Laboratory—called LANL, pronounced like flannel minus the f—is a more than $4.6-billion-per-year operation that occupies almost forty square miles of high-altitude plateau. The lab’s stated mission is “to solve national security challenges through simultaneous excellence.”


It’s unclear, linguistically, what “simultaneous” means, but it’s probably classified anyway. LANL, after all, works on some of the most tightly held US secrets: those surrounding nuclear weapons.


The city of Los Alamos was founded in the early days of the Manhattan Project, the US initiative to build the world’s first atomic bomb. Back then, the town’s existence was hushed. Home to the code-named “Project Y,” and so sometimes called Site Y along with Atomic City, Magic Mountain, Shangri-La, and probably a few French words, it was hidden not just from the American people but also from Congress. Its physicists toiled in obscurity to figure out how to harness the sort of power that nature had managed to master in a much earlier cosmic era. Those physicists—living in hastily constructed homes, with few amenities and little privacy from each other, even if they had almost infinite privacy from everyone else—eventually succeeded in explosively splitting atoms. And in so doing, they changed life not just on the Pajarito Plateau but also on the whole planet.


From a perch on the mountain above town, it’s easy to map the landforms bordering it. Los Alamos sits on four mesas, so cliffs prevent it from exceeding its present stretch. LANL may be able to change the world, but it has not gone so far as to alter this geophysical fact.


Looking through the relatively apolitical calm of aspens that try their best to block the view, you have to remind yourself of what this place is. Of how a settlement that was, in its heyday, much smaller and more secluded than it is today nevertheless shifted Earth’s trajectory. You have to reach to remember that ghosts working with kludgy code names and poor municipal infrastructure helped bring into being a kind of weapon that could destroy everyone on the planet, with relative ease. The push of some buttons. A few correct codes. A presidential whim. A moment of panic. A straight-up mistake. A misperception. “If you think about how many of these actual nuclear weapons are out there, it’s insane that we haven’t had an accident or haven’t gotten into a hot war,” says Aaron Arnold, a former fellow with the Project on Managing the Atom.


But if, for whatever reason, a bomb does detonate in a conflict once again, there will be no returning to the world as it was before. “Once a country starts firing them off, that’s kind of it,” says Arnold. The clock can’t run backward and undo the first strike, and so another country, or a plurality of other countries, will likely respond with atomic retaliation.


“In all likelihood, that’s it,” Arnold says again, and pauses. “That’s it.”


Regardless of whether the “it” eventuates, this planet will always bear the imprint of the deadly device first devised in the flat spaces between Los Alamos’s gaps. Those scientists didn’t, of course, do it alone. And if they hadn’t done it, someone else would have, at some point.


But they did do it, and they did it here, and here we are.


LANL, IN THE TWENTY-FIRST CENTURY, LARGELY EXISTS TO MANAGE what it and other Manhattan Project facilities wrought decades ago. Run by the Department of Energy’s National Nuclear Security Administration (NNSA), the lab is tasked in part with helping maintain and modernize the United States’ stockpile of nuclear weapons—ensuring, as employees are fond of saying, that the bombs always explode when they’re supposed to, as they’re supposed to, and never explode (or do anything else) when they’re not supposed to. This idea gets shortened to the quip “always, never,” to the point where people just say, “You know, always, never.” They also know that someone who says the phrase “safe, secure, and reliable” is talking about the desired traits not of a car or a romantic interest but of thermonuclear arms.


While LANL is no longer the city’s only employer, it remains the biggest, and the community maintains the feel of a company town. Perhaps that has something to do with the county logo, where the canonical atomic symbol sits inside Los’s o. The electrons’ elliptical orbits focus the eye on where the nucleus, the center of power within an atom—and here in town—would be.


Or maybe it has something to do with the old guard-shack replica—now a public bathroom—you pass as you enter the city limits. The original was just a small, white structure where people presented passes before proceeding. The identical building on which the replica is modeled kept Los Alamos from the public during the Manhattan Project. So, too, did the muddy, rutted road leading up from Santa Fe, which few would have found themselves traversing by accident or for fun.


Today, obviously, Los Alamos isn’t a secret. A many-lane blacktop now leads directly to Site Y. Commuters can scream up and down the hill easily, and so can information: the lab puts out press releases about its more innocuous work, its research on everything from pandemics to planetary science. The town has a McDonald’s. There’s a Starbucks, which expanded to a new, stand-alone building in 2022. You can even pick from a couple of craft breweries. A coworking space cheekily sports the original code name for this part of the Manhattan Project. There’s even a national historic park, appropriately called Manhattan Project National Historical Park, dedicated to remembering how the bomb was built here.


On Pajarito hill, the Manhattan-era leader of the original project, J. Robert Oppenheimer, used to enjoy a relative lack of friction and a good view when he ascended to that vantage point to ski. That view is quite different today, but the setting sun still sets the Sangre de Cristo Mountains on fire, just as it did in Oppenheimer’s 1940s, fusing hydrogen the whole way down to the horizon.


As the star descends, empty areas between the mesas go dark; only Site Y’s interstitial spaces beam into the evening sky, showing a proverbial city on a hill or a scourge, depending on whom you ask.


Regardless, it’s a place whose emissions reveal its existence, no matter what.


THE RESULT OF THE MANHATTAN PROJECT AND LOS ALAMOS’S EARLY research was a bomb the scientists dubbed the Gadget. No one knew for sure whether—or exactly how—it would work. We still don’t understand exactly how it or any of the thousands of other bombs we’ve since made function. The only thing that mattered, back then, was that they worked.


The day of its test, an event dubbed Trinity, many of the lab’s scientists trekked out to the site, near the New Mexico town of Alamogordo, to watch their creation (hopefully) destroy itself. Colorful tales of the day abound: Physicist Edward Teller passed around suntan lotion, anticipating the radiation they’d receive like a day at the beach. Enrico Fermi got ready to drop scraps of paper to estimate the strength of the blast wave, as they flew away on the wind. A broadcast of the countdown crossed frequencies with a local radio station, and the Nutcracker suite superimposed itself over the Trinity test’s “three… two… one.”


When the clock reached zero, the orchestra played on. But at the Trinity test site, a fireball erupted, blinding the researchers in the first microseconds. The closest observers were just six miles away. A column of smoke soon rose into a roiling mushroom cloud. The cloud, levitating higher and higher, seemed to suck up the earth itself, siphoning resources as it ascended toward heaven. It was purple, blue, red, violet. Violent. Glowing. Thundering. Awesome. Terrifying.


People saw the effects of the blast in three states. Those living close by wondered whether this was some kind of apocalypse. The army informed them—lying—that it was just an accidental explosion at a munitions storage area.


But the residents weren’t wrong in their assessment. As chemist George Kistiakowsky said after witnessing Trinity, “I am sure that at the end of the world—in the last millisecond of the earth’s existence—the last man will see what we saw!”


The subatomic particles ruling the bomb follow the laws of quantum mechanics, which in popular, if slightly incorrect, understanding means that they are uncertain: in multiple places at once, doing multiple things, only settling into one state when you look at them directly—like Schrödinger’s cat, a being both alive and dead.


The scientists, too, occupied several states simultaneously that day, a mix of feelings sluicing through their bodies when the Gadget erupted as intended: Pride. Fear. Regret. Joy. Anticipation.


Most of all, power. They had taken a theoretical, abstract science and alchemized it into something devastatingly concrete. In the minds of some of the researchers, this ultimate weapon would bring with it ultimate peace, because it was too horrible to ever use (after, of course, their country used it twice), especially if you knew a similar weapon could be deployed against you in response. That’s part of the basic ideology of deterrence: we have the weapons so that no one will horribly attack us, or our allies, because they know we could attack horribly back. And other countries’ weapons keep us from the temptation to horribly attack them. Nuclear weapons, then, keep large-scale wars from breaking out.


Similar deterrent ideals echo like a hymnal chorus, in eerily similar language, from scientists and engineers across LANL and the other weapons labs, Sandia and Lawrence Livermore national laboratories. Workers at these sites sometimes clutch the words like verbal talismans: “always, never,” “a credible deterrent.” But deterrence, like any other philosophy, is a belief, and one that is impossible to test, because you cannot wind back the doomsday clock and see how various conflicts and dynamics would have played out if fission and fusion had remained scientifically opaque.


For the record, the inventor of dynamite also thought its existence would halt huge conflict, for similar reasons. And yet here these Manhattan scientists were, decades later, devising something much worse, repeating history as humans seem wired to do.


Those scientists have said a lot of quotable things about Trinity in the decades since the test. But in the actual aftermath of the detonation, most, according to Oppenheimer, were silent. Oppenheimer himself thought, famously, of the line “Now I am become Death, the destroyer of worlds,” a quote from Hindu scripture.


Less poetic and more to the point was Kenneth Bainbridge, who intoned, “Now we are all sons of bitches.”


For almost two decades following Trinity, the spot was marked by a wooden sign labeled “Zero.” As in Ground Zero. As if time and space started here.


If you watch nuclear explosions in archival videos today, including footage from Trinity, it’s easy to understand how those mid-century scientists could feel their work was that cosmically significant and how they could be both completely undone by seeing such an explosion and obsessed with the idea of it. How they could love it while hating it. These weapons are the raw power of the universe—harnessed, targeted, let loose. They are also beautiful. Staring as the seconds pass, you may feel like you do when standing on the edge of a cliff: A still, small impulse urges you to jump. You’re not depressed, and you’re not actually going to jump, just like you don’t wish for nuclear war. You’re simply drawn to the abyss, precisely because of its abyssal nature. That’s the pull of a nuclear detonation.


Three weeks after the Trinity test, the United States dropped a replica of the Gadget on the Japanese city of Nagasaki, a few days after dropping a different type of nuclear weapon on Hiroshima. The number of casualties is still unknown, but the high-end estimate holds that around 210,000 people died as a result of both explosions. Some were simply vaporized.


Of the bombing of Hiroshima, the White House’s press release said, “We have now won the battle of the laboratories as we have won the other battles.”


ALMOST EIGHTY YEARS LATER, NNSA’s NATIONAL LABORATORIES ARE still engaged in a forever-war version of that same battle: the fight for nuclear supremacy. Yesterday’s United States wanted to have the first nuclear weapon, and today’s desires the best radioactive arsenal on earth. Then, the thinking goes, the country can most effectively scare other states with their own arsenals—and those without—away from conflict. The scaring doesn’t work, though, unless the other side believes you’d actually pull the trigger. Which functionally means you must be willing to do just that—to “win” if you must, even though this is contrary to Mikhail Gorbachev and Ronald Reagan’s famous joint statement: “A nuclear war cannot be won and must never be fought.”


Nuclear war has crept closer to the front of the public mind lately. But the American arsenal has never left the minds of many officials, who worry about the expansion and modernization of China’s and Russia’s weapons, about Russia’s aggression and unpredictability, about Iran and its alliances, about North Korea’s roguishness, about terrorists with dirty bombs, and about the geriatric nature of this country’s own radioactive arsenal. The cost of giving the US nuclear complex a makeover would be around $1.7 trillion over thirty years, according to a 2017 projection from the Congressional Budget Office. There will be a newly designed weapon and alterations and upgraded components for old ones. The Cold War objects will be shined up and readied for a journey through the twenty-first century. Los Alamos and the Savannah River Site, an NNSA facility in South Carolina, will soon restart production of plutonium “pits”—hollow spheres of radioactive metal that form the heart of nuclear weapons. The country hasn’t made new plutonium pits on a large scale since the late 1980s.


Some say those developments are necessary, even actively peace promoting, because they uphold deterrence: the weapons as they exist now—aged—aren’t as credible or reliable as they could be, so updating and upgrading them may forestall war by more effectively keeping others at bay. Some, meanwhile, say the modernization program and pit production are hawkish and could foment a never-ending arms race.


The truth is probably a bit of both, like Schrödinger’s cat.


ARGUABLY THE MOST IMPORTANT PART OF NUCLEAR WEAPONS, PLUTONIUM pits are hollow, eerily silver spheres made of the actinide element 94. They look like some indecipherable artifact from an ancient alien civilization—the kind that tries, and fails, to communicate a message to humanity in an action movie. Their name calls to mind the hard middle of a fruit or a dark hole.


In a bomb, a conventional explosive surrounds the pit. That combustible material goes boom, squeezing the radioactive material together. When the atoms get tight enough, they start to split, initiating fission. With the right conditions, the nuclear reaction sustains itself. And when it gets amped up enough—as it does in modern thermonuclear weapons—that triggers more fission and a lot of fusion, or the combining of atoms, in a secondary part of the bomb. There are many more details, but that’s the gist of their inner workings.


The last place the United States made plutonium pits at any sort of scale was the Rocky Flats production plant in Colorado. Situated between Denver and Boulder, today it’s known as the Rocky Flats National Wildlife Refuge, and it boasts a wide-open view of both the pancake plains and the saw-toothed Rockies. If you want, you can hike around ten miles of trails on its 5,237 acres. You can also ride a horse or a bike. And in your meanderings, you’ll almost certainly see wildlife: mule deer, prairie dogs, jackrabbits, porcupines, hawks, elk, suburbanites in outfits entirely produced by Patagonia. But it took a lot of rehabilitation to bring that friendly outdoor space into being, because the production plant left a serious mark on the land while making those Cold War pits.


During the Cold War, the Rocky Flats Plant, operated by a contractor called Rockwell, whipped up between one and two thousand pits per year. It was thusly productive, until June 6, 1989. On that fateful day, plainclothes FBI agents, whose agency helps enforce some environmental laws, showed up and claimed they wanted to talk to the leadership about an ecoterrorist threat—a believable scenario, given the widespread protesting and activist trespassing by a population of activists who included the likes of Daniel Ellsberg, the Pentagon Papers leaker. But no threat actually existed that day: the agents were simply stalling so that dozens of vehicles and more than seventy armed agents could get to Rocky Flats. As soon as they arrived, the FBI agents told the facility officials why they were really there: to investigate rampant environmental violations. Rockwell later pleaded guilty to charges stemming from violations of the federal Clean Water Act and the Resources Conservation and Recovery Act.


Gotcha.


Soon enough, the feds shut Rocky Flats down and transformed it into a Superfund site. Ten years and $7 billion later, the environmental restoration was finished. And in 2018, the land became the somewhat controversial haven for hikers and hawks that it is today.


Since the site’s shutdown, the United States has been missing what Rocky Flats once provided: no other place has produced plutonium pits at scale. The country has relied on existing pits, which have been steadily aging for decades.


That missing capability is why Congress has required NNSA to be able to whip up eighty plutonium pits per year by 2030: to replace the geriatric pits and to create new ones more suitable for modern warheads. “An eighty-pit-per-year capability is a modest and prudent approach to sustaining something as important as maintaining confidence in the US nuclear deterrent,” says NNSA’s Michael Thompson, a principal assistant deputy administrator.


The pit-production gig is being split between Los Alamos, tasked with making thirty pits per year, and the Savannah River Site, which will shoulder the other fifty. This effort will cost billions of dollars. And it is currently behind schedule by around five years on Savannah River’s part. LANL, meanwhile, fell about a year behind during the Covid-19 pandemic.


The plutonium for the project will come from decommissioned weapons whose impotent cores together weigh tens of tons. Here, swords turn not into plowshares but into better swords. The role those swords play, however, and how effectively, is shifting.


The nuclear threats of the twenty-first century are different from those of previous eras, with more competition between more big peer countries, more concerns about smaller countries, and attention to new varieties of radiological terrorism, among other fractious developments. We also have many ways to watch what everyone else is up to: the world is more faceted and more knowable. The war game has changed.


These modern dangers are not lesser than those of the air-raid-drill era: in fact, many experts believe the risk of an international nuclear catastrophe is as high as it has ever been, even during the chilliest temperatures of the Cold War.


If nuclear danger is so clear and present, we could all better understand the culture, science, politics, and people of the current nuclear era—not just those of Dr. Strangelove’s.















CHAPTER TWO



As we headed west on our way toward the hills, we’d pass lines of protesters standing with signs at the gate of the Rocky Flats plant. “Hippies and housewives,” my father would grumble, and my mother nodded silently. “Students, too,” he’d add. “Wait ’til they get out into the real world.”


—Kristen Iversen, “The Accidental Activist”


LOS ALAMOS NATIONAL LABORATORY (LANL) PHYSICIST TESS LIGHT grew up near Rocky Flats back when it was an active production plant. To those nearby, like her, its radioactive mission wasn’t a secret: the kids at Light’s liberal, experimental school—the Tanglewood Open Living School—were well aware of the plant’s activities. They were also unhappy with them. “We didn’t have a sports team, but we did protest Rocky Flats,” Light says. It is a joke, and it is also true.


Living where they did, in the 1980s, Light and her classmates sensed the shadow of potential apocalypse not just when they watched the evening news with their parents but also when they went outside to play. “I felt,” she recalls, “like I was at Ground Zero.”


That was a different era, one when nuclear war was a topic for primetime TV, not one left out of the curriculum till high school, as was sometimes the case in the years after the Soviet Union collapsed. “Me and all my friends from hippie middle school watched The Day After and were horrified,” Light says. In that network-debuted movie, nuclear war escalates and plays out, with a zoomed-in lens on a small town in Kansas. There, residents deal with and die from the conflict. WarGames, too, was popular. In that film, a young hacker nearly starts World War III after accidentally worming into a military supercomputer.


Fictional film scenarios running through their developing minds, Light and her best friend decided to make their own bug-out plan. Their goal in the event of impending nuclear catastrophe was to find each other and then find their moms and ride out the end of the world together. It wasn’t detailed—more a statement of priorities than a set of logistics—but the exercise in control calmed them.


Given her hippie school and her fear of nuclear war, it seems a little strange for Light to have ended up at a place like LANL. “My friends would be horrified,” she says. The childhood protesters, she means. The idealists. But the real world, as she learned in the years between middle school and the present, is more nuanced than they knew back then.


More nuanced, she thinks, than her old friends might know even now.


“I don’t think they want to know what I do,” she says. They think, she imagines, “I am in some way contributing to the war machine.”


She sees it differently. “I agree wholeheartedly we should not have nuclear weapons,” she says. But creating that world is not as simple as taking all the bombs apart, waving white flags, and easing cognitive dissonance and the danger simultaneously. “No nuclear weapons,” Light muses, “that’s not gonna happen.”


Not, she means, any time soon. Not in her lifetime.


“I was born into this world—my children were born into this world—with this horrible threat,” says Light. There is no changing the fact that decades ago, physicists at her very lab reproduced the power inherent in an almost insignificant mass of atoms.


The realism tinging Light’s statements seems to run through the scientists who end up working at the National Nuclear Security Administration labs: nuclear weapons, whether they help stabilize the world or not, exist, and likely will continue to. Someone has to work on them, and don’t you want level-headed people—not war hawks—to do that and to help stop them from proliferating?


At the lab, sure, a few people are creepily fans of nuclear weapons: they’d kind of like to jump off the aforementioned cliff. Then, of course, there are people who believe, in classic deterrence style, that the existence of nuclear weapons stabilizes the world. “I consider that debatable, because I don’t see that the world is so stable, right?” Light says. “We found other ways to kill each other. And we just now do it while we have a big threat in the background.”


And then there are people who think the best path to stability is less radioactive activity. That’s Light’s camp. “I’m not sure that humans will ever achieve stability, but nukes are like handing a toddler a lighter,” she says. “The kid is going to hurt himself and tear up the house regardless, but without the lighter, you might avoid the kid burning the entire house down before he matures.” And if her old friends scrutinized the current principles guiding the Tanglewood School, now called the Jefferson County Open School, they might find she’s done a pretty good job of embodying them. The institution’s current goals say students should learn to “rediscover the joy of learning, seek meaning in life, adapt to the world as it is, prepare for the world that might be, and create the world as it ought to be.”


For Light, that entails some duality: working for the organization that maintains and betters the bombs that she agrees wholeheartedly should not exist.


Light, then, represents a paradox of the modern nuclear weapons complex: now that the bombs exist because of labs like LANL, labs like LANL employ some people who detest that explosive existence and spend their days trying to ensure no more ever go off and that they eventually go away. Even nuclear workers who are in favor of the weapons also believe their existence can lead to peace. And so it is that in each nuclear weapons worker’s personal narrative, they’re doing the right—safe, secure, reliable—thing. The different, opposing states feel true, simultaneously.


“I hope it matters,” says Light, shrugging toward the atmosphere. “That’s all I can say.”


LIGHT’S BUILDING, DEEP INSIDE THE LANL CAMPUS, BOASTS A BIG Q clearance sign on the front door. There, on a warm day in August 2021, Light blocks the threshold. “I need to verify your citizenship,” she says. She’d already sent around an email to everyone in the building, informing them that an uncleared visitor would be around.


A printout on the wall of Light’s office shows a plot of data hard to discern from afar. Its lines take the shape of gapped molars. Nearby, a darkened computer screen is plastered with red and white “secret restricted data” stickers. But perhaps most illuminating is a small banner tacked near her workspace that reads, “Je suis une femme formidable.”


It’s not wrong. Light is a bewitching presence, even with the bottom half of her face hidden behind a mask. She sports flared sleeves and a necklace with a bold, curved pendant. She also writes plays (and occasional letters to the editor of the Los Alamos Daily Post) in her spare time. The scripts “tend to incorporate any or all of the following,” according to the New Play Exchange: “sarcasm, death, sarcastic death, Buddhism, foodism, poetry, song, and Shakespeare.” In one, about lesbian wives who—because quantum mechanics—can see the deceased residents of their house, the staging notes demand that an easel display math. Light is happy to supply examples for interested directors but suggests a quadratic equation with two solutions, a light cone diagram, a spacetime cube, or a partially solved Fourier transform.


Easy.


The Buddhist themes and gallows humor that show up in Light’s plays probably help her keep an even mental keel. After all, she deals with the specter of radioactive doom, day in and day out, in her job as project scientist for a sensor that helps detect nuclear detonations from the vantage of space. The goal of such programs is to keep watch from above, using satellites to see if anyone, at any time, is exploding a nuclear weapon aboveground. On any given day, no one expects anyone else to be letting loose an incendiary and critical chain reaction (though it is, of course, good to check). The issue is that you need to be able to tell both whether countries are detonating weapons in war and adhering to treaties that ban such tests, like the aptly named Comprehensive Nuclear-Test-Ban Treaty: if you can’t decipher whether anyone is breaking such rules, the rules don’t really matter. Think of it like speed limit signs on a deserted road one hundred miles from the nearest police officer. To make the treaties themselves credible, and to also provide warning about what other countries might be up to, you have to—to continue the analogy—station some squad cars along that lonesome stretch of highway. Satellite-based systems are some of those squad cars.


A plethora of sensors exist on the ground to manage the prophylactic patrol and catch underground tests. They feel seismic activity, listen for infrasound waves, watch for radioactive particles, and pick up radio waves. The international Comprehensive Nuclear-Test-Ban Treaty Organization maintains such a surveillance network, and the US Air Force hosts a separate one for national use.


Light, meanwhile, helps with the data gathering that LANL does from orbit. Aboard every GPS satellite sit sensors not to tell you how to get to McDonald’s but to tell people like Light whether something resembling a nuclear explosion has happened. These global burst detectors are a kind of commensal watchman, along for the ride with the GPS spacecraft’s main body, and can pick up visible-light and X-ray emissions, along with the electromagnetic pulses accompanying nuclear detonations that preppers fear. A new experimental platform called STP-Sat-6 also launched in 2021, hosting the Space and Atmospheric Burst Reporting System and an experimental test-detection payload called SENSER. Technology aboard this smaller satellite could form the backbone of future detection systems.


To understand the signals present and future instruments pick up, Light and other scientists must also understand the atmosphere through which they move and how it affects them. For more than a decade, Light and dozens of other scientists have been working on a simulation of the physics of how all different kinds of signals are affected on the journey from their source to the sensor. “We are inches from getting the whole thing signed off on,” she says. “It’s just so big.”


Peering through glasses across the table, only her eyes detectably smiling, she looks on the suspicious side of curious, on the ajar side of open.


LIGHT’S PATH TOWARD THIS RESEARCH BEGAN WHEN SHE WAS EIGHT, IN the car with her father and siblings. “He’s like, ‘So kids, what do you think you want to do when you grow up?’” she recalls. “And on the spot, I just was like, ‘I don’t know, I want to be an astronaut.’”


She’d never thought particularly much of space, but like an entrée choice you didn’t know you were considering at a restaurant, the idea simply dropped out of her mouth, unexpectedly. It continued to guide her trajectory, which is how she ended up in a high school physics class.


She hated it—but continued. “What a shame that I’m going to do this for the rest of my life,” she thought. “It never occurred to me to do something that I like.”


And so she continued into college, studying physics so she could become an astronaut. But this time, taking courses on topics like elementary particle physics, she started to love it. And she wanted to apply her physics skills to astronomy. “It’s just kind of like this weird Brownian walk to get somewhere,” she says, referring to a phenomenon where particles suspended in a medium move randomly about.


In graduate school, though, trouble clouded the view again. “You have to compete for time on telescopes, and you have to write about why it’s really crucial to the field that they give you the time on the telescope,” she says. When she reached for her reasons—like that someone needed to observe a given galaxy in the next million years or they would not be able to view it anymore—she found them lacking. “I just couldn’t muster the sense of urgency,” she says.


It’s a common refrain from people who end up working at the three weapons labs, which insiders sometimes call the “tri-labs.” These facilities are focused on science in the service of national security, nuclear or otherwise. And their scientists want to do something that matters more immediately to the people of Earth than adding to basic human knowledge—noble and necessary as that may be. “The applications give me a sense of purpose, while pure, esoteric knowledge feels cold,” explains Light. “But that’s just me, and thank god many people feel differently or we’d never advance at all.”


Around the time Light was finishing school and fishing for a job, a friend who’d worked for Los Alamos suggested she look at the lab. Light began exploring the lab’s divisions on LANL’s late-1990s website. One called “nonproliferation and international security” caught her gaze.


“The fact that it coexisted at the lab with weapons design people,” she begins, then pauses. “It’s not like I went, ‘Am I willing to work at a place that also does nuclear weapons?’ I didn’t really, because to me, the place was so big that I was like, ‘Well, that’s not my job, right?’”


It wasn’t, and it hasn’t been since. But the scientists working to modernize, update, and upgrade those nuclear weapons toil in buildings that—at least from that view on the ski hill—look awfully close to Light’s office. While one group works on nonproliferation, the other keeps the weapons in existence.


Some feel those programs undermine nonproliferation work. Light, though, still sees her own contributions as helping keep the world safe. While space-based systems aren’t currently tied into the Comprehensive Nuclear-Test-Ban Treaty Organization’s monitoring networks, Light believes their data nudge things in the right direction: Having more squad cars makes catching speeders easier. And if the United States believes it can catch all (or almost all) speeders, it might be more likely to ratify the treaty, which right now it has only signed—a less-binding agreement. “If I could do any small thing to help the Comprehensive Nuclear-Test-Ban Treaty be ratified, I will,” she says, specifying that this is her personal viewpoint and not the lab’s.


The country currently can—and does—reserve the right to perform nuclear tests, if that’s deemed scientifically and technologically necessary to make sure the weapons, you know, “always, never.” In addition to wanting to reserve that right, politicians don’t want to ratify until they know for sure they can tell if others are playing by the rules.


Light’s work in detection could bolster support for the treaty by providing deeper insight into other countries’ hypothetical nuclear detonations or lack thereof. She and collaborators are in the process of gaining even more insight, bringing together explosion data taken from the ground and from space. “Currently, each sensor does its thing, and experts from each phenomenology do their thing,” she says.


In other words, determining whether a nuclear test (or explosion of war) has taken place isn’t like in the movies, where someone essentially looks at a flashy red screen and identifies a nuclear explosion. Instead it’s a tedious process in which the groups of scientists in charge of each type of sensor look at their data in isolation and then bring their conclusions together manually. While there is some automatic integration of data, detonation detection programs don’t typically look at ground- and space-based information together. Seismic experts analyze data from sensors that pick up Earth’s shaking. Acoustic experts dig into infrasound waves, noise too low for you to hear. Electromagnetic experts check out emissions of radio waves. Physicists study how radioactive atoms are distributed. Other scientists, like Light, help watch from space. Each group gives its individual analysis to others, who eventually rule on whether the physical signals represent a nuclear explosion or not.


In the view of many detonation-detection experts, including Light, that process is too human intensive, too slow. And that feeling is part of why, in 2021, Light and another LANL scientist, Josh Carmichael, joined forces. Carmichael has spent years working on software and mathematical analysis to detect explosions using sensors on the ground. Together, the pair got a grant from the lab’s director to join their efforts, fusing ground- and space-based information into one software system that could automatically alert officials to potential nuclear explosions.


As above, so below. Or, as they call it, iNDD, which stands for Integrated Nuclear Detonation Detection.


Carmichael believes the same thing as Light about his work—that trying to make nuclear detonations more quickly and reliably detectable helps keep apocalypse at bay. “Everyone wants a world where they are certain or highly certain that they are safe and secure,” he says later, “where we don’t have to worry about annihilation.”


That’s why he and Light hope to show—over the three years their project will run—that mashing all that data together automatically allows scientists to pinpoint a boom more quickly and reliably detect events that take place more quietly. “I’ve been kind of bitching for a couple years that we don’t already do this,” Light says.


Instead of just bitching, she’s moved on to making nuclear detection what it ought to be.


LANL IS WELL SUITED TO TAKE ON SPACE-BASED NUCLEAR DETONATION detection because, historically, it’s overseen the development of the very exploding things it’s keeping an eye out for. To put it in the weapons lab’s own words, “It takes a weapons lab to find a weapons lab.”


Light’s research has roots back in the nuclear age’s early days. In 1963 the United States signed the Limited Test-Ban Treaty, promising—along with the Soviet Union and the United Kingdom—not to set off nuclear weapons in space, under the sea, or in the atmosphere.


The United States had already been working on test detectors since 1959, like Vela from the Advanced Research Projects Agency (DARPA’s predecessor). Los Alamos and Sandia had begun to work on the Vela satellite system later that same year.


Just a week after the treaty entered force, the United States launched the fruits of those labors. From then into the 1980s, various Velas kept eyes on Earth.


They were looking not at the kinds of things that show up in a picture of an explosion but at the energy that detonations release, most of which your eyes can’t see. Just a couple milliseconds after an explosion, neutrons, gamma rays, and X-rays flood from ground zero and interact with the environment, producing more radiation, including regular light and electromagnetic pulses.


Some of the satellites’ first big detections, though, weren’t of Soviet malfeasance. Instead, the Velas found a mystery that originated much farther from the homeland. On July 2, 1967, a pair of satellites saw a burst of gamma rays that didn’t match weapons’ patterns: two peaks of energy rather than a flashy burst and then a fade. Scientists didn’t know what they’d seen, except that it wasn’t a nuclear weapon. Laser-focused as they were on said weapons, they put the data away. But more similar detections soon happened, bursting all across the sky—suggesting they were coming not from here but from out there, in space. Systems like Vela draw scientific discovery and national security close, and that makes sense: pure physicists and astronomers are often interested in the same data as weapons scientists because nuclear weapons are, in fact, just the physical power of the universe brought down to Earth.


Finally, in 1973, Los Alamos scientists published a paper announcing the discovery of what later came to be known as gamma ray bursts. Today data suggest they happen when a massive star goes supernova or when two neutron stars smash into each other. These are the universe’s own bombs, way more effective than even the most modern nuclear weapon.


The Vela satellites provided other nonnuclear boons, revealing details of, for instance, how the solar wind works and how a sheet of plasma wraps around Earth. They also did their intended job, detecting forty-one nuclear tests before 1979, followed by the controversial “Vela Incident,” which may or may not have been a secret test no one’s ever taken credit for. Determining who detonated a weapon is a branch of nuclear work called attribution, which involves analysis of things like intelligence, forensics, and location information.


Los Alamos’s ALEXIS and FORTE satellites continued in Vela’s tradition, revealing a new lightning phenomenon that could help scientists predict when and where severe weather will occur. Light came aboard at LANL during the FORTE mission, which aimed to demonstrate detonation-detection technology.


The fruits of her current sensor project—now aboard the GPS constellation—haven’t come easily. For one, the detectors have to be “rad-hard,” or radiation-hardened, meaning resistant to errors caused by radiation in space. Rad-hard components always lag the state of the art in a kind of conservation of capability: if you make electronics better at resisting bursts, you take a trade-off in processing power. Since space computers are so good at functioning in a harsh environment, they’re not as modern as what you might have on your desk.


“I’m always forced to use old systems,” she says. “We’re slowly coming into the twenty-first century.”


PART OF THAT—HER OWN KIND OF MODERNIZATION EFFORT—INVOLVES her project with Carmichael, whose office door features stickers denoting underground nuclear tests the United States has performed: Disko Elm. Bowie. Muleshoe. Amarillo. Whiteface. Distant Zenith. Back when they were performed, the Overton window—the range of policies deemed acceptable to the mainstream, which shifts over time—overlooked the nation’s own explosions.


Every explosive event—a nuclear blast, a meteorite’s breakup, an industrial accident—produces a plethora of signatures. Nothing is just a flash or a boom. It is a flash, and a boom, and a shock wave, and an electromagnetic outcry, and more. The idea that explosions sport multiple signatures came on strong when Carmichael saw firsthand that lightning didn’t just illuminate the sky and make some noise: it also created intense radio waves.


One day, he was driving around with his stereo on as a New Mexico storm churned above him. And lo: whenever lightning flashed in the sky, static fuzzed out of his car’s speakers—radio waves from the sky, caught on his car antenna.


If you combine the different signatures from a given explosion, they assemble themselves like puzzle pieces, together revealing a picture of the world as it actually is. Lightning’s combined signature looks different from a meteorite’s or a bomb’s. But their individual components aren’t always distinguishable when viewed in isolation.


As Carmichael contemplates this concept, in August 2021, he sits close to a canister of whey protein and a box of Mighty Leaf tea. His shelves are stocked with thrillers: Fracture Mechanics, Geology of the USSR, Detonation.


Looking at them, Carmichael talks about the fusing of data—bringing different types together. He then stops to seek a synonym. “‘Fusion’ has a different meaning in the nuclear world,” he explains.


Carmichael seems to see everyday life in this fusible way too. He likes shooting rifles because each time you fire, sensory feedback of all sorts reveals the state of things. Metal on hands. Trigger resistance. Flash. Boom. Recoil. Reverb. Thwack.


He also likes to take his daughter for hikes every morning “so she can get multisignature information.” Maybe it’s the sight of deer legging along. The evergreen smell of a high-altitude morning. The feel of the strata in a mesa’s rock.


One day when the pair ventured out, they ended up trapped between a mother bear, on one side of the trail, and her cub, on the other. The cub played cluelessly while its parent grew more and more agitated. Carmichael watched the bear pace back and forth, threatening him with her very existence. He was suitably deterred.


CARMICHAEL FIRST TESTED HIS OWN DATA-FUSION SYSTEM IN THE SUMMER of 2019, aiming to see whether it could determine whether a conventional explosion was in fact an explosion. He was at home when he saw news of a relevant tragic event: a vat of propane at the Philadelphia Energy Solutions oil refinery had caught fire outside the city. The blaze, visible from afar, soon burst outward in a huge dome of fire that saturated camera sensors. In videos of the explosion, nearly the whole screen goes white for a second, before the flash dies down and the roiling flames and smoke reveal themselves.


Seeing that boom, Carmichael fired up his laptop and began siphoning data from the likes of air and seismic sensors and social media. Soon enough, his software synthesized it all and told him what he already knew: there was a 99 percent chance that an explosion had occurred in Philadelphia.


It had worked.


“Because no one was hurt, I can say it was awesome,” he says.


The Philly explosion was also a good test case for his new project with Light: a weather satellite picked the event up from space, giving them orbital information that they could feed into the model. Light and Carmichael can also practice their fusion on fires, volcanic explosions, and large meteors that explode in the atmosphere. From these natural events, the team can see if their algorithm can determine that, yes, there’s been an explosion, but, no, it doesn’t look like a nuclear weapon went off.


Or, maybe someday, it will look exactly like that.
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